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DESCRIPTION 

PRECEMENTUM- AND /OR C EME NTUM - D E R I VE D CHEMOTACTIC 
FACTOR (CCTF) OF TOOTH OF MAMMALIA, PROCESS FOR 
PURIFYING THE SAME, AND DRUG FOR ACCELERATING 
ADHESION OF NEW CONNECTIVE TISSUE, COMPRISING THE 
SAME AS ACTIVE INGREDIENT 

Technical Field 
The present invention relates to a precementum- 
and/or cement urn- derived chemotactic factor (CCTF) of 
a tooth of Mammalia, a process for purifying the same, 
and a drug for accelerating adhesion of new connective 
tissue . 

Background Art 

A periodontal disease is an inflammatory 
disease caused by breakage of supporting tissue of 
teeth (e.g. gum , periodontal ligament , alveolar bone, 
etc, ) due to bacterial plaque (cluster of bacteria) , 
and the periodontal disease and dental caries are 
referred to two typical diseases in the dental field. 

In case of a severe periodontal disease, 
reconstruction of guided tissue by a surgical 
technique is required. Its purpose lies in not only 
removal of a periodontal pocket, but also restoring 
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of an occluding function by regeneration of guided 
tissue broken due to the periodontal disease. A 
current typical technique is a gingival flap 
operation, however, regarding a curing style after 
operation, true adhesion between the tooth root and 
periodontal ligament (adhesion of new connective 
tissue) attended with neogenesis of cementum is 
limited to the root apex and ideal adhesion is not 
recognized in the other portion (epithelial 
adhesion ) . 

Under these circumstances, a trial of various 
techniques has recently been made to positively 
obtain adhesion of new connective tissue. Among 
these techniques, a guided tissue regeneration 
technique (GTR technique) has attracted special 
interest. This GTR technique prevents or hinders the 
invasion of the defect portion of guided tissue, which 
has been curing, by gingival epithelium and gingival 
corium and thus allows the cells capable of attaching 
new connective tissue and forming an alveolar bone 
to grow into the defect portion, thereby regenerating 
guided tissue. 

This technique is summarized as follows. First, 
a pocket formed by a periodontal disease is surgically 
removed and a gingival flap is detached, and then 



polluted cementum corresponding to the pocket is 
completely scraped. The tooth root surface is 
covered with a membrane and a gum is sutured on the 
membrane . 

To regenerate sound guided tissue according to 
the above technique, it is necessary to induce 
migration, adhesion, growth and differentiation of 
gingival fibroblasts (hereinafter referred to as 
cells capable of adhering new connective tissue) to 
form newborn cementum arou'nd the periphery of a tooth 
root, thereby to obtain adhesion of new connective 
tissue, and to form an alveolar bone. 

However, according to a therapy for a 
periodontal disease which is generally conducted at 
present, adhesion of new connective tissue and 
formation of an alveolar bone are insufficient. 

An object of the present invention is to provide 
a substance which induces migration, adhesion, 
growth and differentiation of cells capable of 
adhering new connective tissue, thereby to 
accelerate adhesion of the new connective tissue 
between the tooth and gum (tooth root and periodontal 
ligament) and to provide a process for isolating and 
purifying the same, and to provide a drug for 
accelerating adhesion of new connective tissue. 



comprising the same as an active ingredient, which 
is used for restoring sound guided tissue with a 
periodontal disease. 

Disclosure of the Invention 
An object of the present invention is attained 
by a pr ecemen turn - and/or cemen turn - derived 
chemotactic factor (CCTF) of a tooth of Mammalia, 
characterized in that a molecular weight measured by 
SDS-PAGE is 67000± 1000. 

An object of the present invention is also 
attained by a process for purifying a precementum- 
and/or cementum-derived chemotactic factor (CCTF) of 
a tooth of Mammalia, wherein a molecular weight 
measured by SDS-PAGE is 67000±1000, which comprises 
collecting precementum and/or cementum from an 
extracted tooth of Mammalia and immersing them in 
saline or collagenase-containing saline with 
stirring to obtain an eluted ingredient, and 
purifying the eluted ingredient by molecular weight 
fractionation, ion-exchange adsorption 

chromatography and hydroxyapat i t e adsorption 
chromatography. 

An object of the present invention is also 
attained by a drug for accelerating adhesion of new 
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connective tissue, comprising the pr ecemen t urn - 
and/or cementum- derived chemotactic factor (CCTF) as 
an active ingredient. 

The Wesent inventors have studied about 
already- knovm cell adhesion and cell growth factors 
to solve the\above problems, but brought no good 
solution- Therefore, they have further studied and 
found that precem\entum and/or cementum of a tooth of 
Mammalia contains substance which has a chemotactic 
activity and causes invasion, growth and 
differentiation of cells capable of adhering new 
connective tissue, thereby to attract the cells to 
connective tissue . 

The preSsent inventors have also found that a 
novel chemotactic factor (hereinafter referred to as 
CCTF) can be purified by immersing precementum and/or 
cementum collect eaVfrom extracted a tooth of Mammalia 
in saline or coll erg e nase-containing saline with 
stirring to obtain Nan eluted ingredient, and 
subjecting the eluted ingredient to molecular weight 
fractionation , ion -Vx change adsorption 

chromatography and hy dr^oxy apa t i t e adsorption 
chromatography. Thus, the present invention has 
been completed. 

They have also found a drug for accelerating 
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adhesion of new connective tissue, comprising CCTF 
as an active ingredient, which is useful for restoring 
sound guided tissue with a periodontal disease. 

Brief Description of the Drawings 

Fig. 1 is a graph showing an elution pattern 
obtained by subjecting to HPLC gel filtration 
chromatography, after preparative columns TSK 
G3000 TSK • G4000 for extract of precementum and 
cementum with a 1% collagenase - containing saline ( pH 
7) were connected each other in series • 

Fig. 2 is a graph showing an elution pattern 
obtained by subjecting to DEAE ion-exchange 
chromatography, after mixing chromotactic activity 
fractions obtained in Fig. 1, each having a molecular 
weight of 270,000 to 290,000, 580,000 and 630,000 or 
more and concentrating the mixture. 

Fig. 3 is a graph showing an elution pattern 
obtained by subjecting to HPLC hy dr oxy apa t i t e 
chromatography, after concentrating a chemotactic 
activity fraction (Fr. No. 13) obtained in Fig. 2 by 
desalination. 

Fig. 4 is a diagram showing an elution pattern 
obtained by measuring a chemotactic activity 
fraction (Fr. No. 14) CCTF obtained in Fig. 3 by 



SDS-PAGE ( silver - colored portion is a detected 
portion ) . 

Fig. 5 is a diagram showing a pattern of western 
blotting of CCTF using anti-BSP-II antibody 

Fig. 6 is a diagram showing a pattern of western 
blotting of CCTF using anti-BMP-2 antibody. 

Best Mode for Carrying Out the I nvention 

CCTF of the present invention is a glycoprotein 
whose molecular weight measured by SDS-PAGE is 67000 
±1000, which is obtained from precementum and/or 
cementum of a tooth of Mammalia. Also, CCTF has a 
chemotactic activity and has an action of 
accelerating formation of cells capable of adhering 
new connective tissue. 

The fact that CCTF is not fibronectin (molecular 
weight: 450 Kd) and vitronectin (molecular weight: 
76 Kd) as a chemotactic factor has been proved by the 
fact that the chemotactic activity of CCTF was not 
inhibited by an antibody against fibronectin and 
vitronectin . 

It has also been proved by western blotting that 
CCTF differs from BSP-II (molecular weight: 33.6 Kd, 
molecular weight of one containing a sugar chain: 
about 60 Kd) obtained by cementum which takes part 
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in adhesion of gum cells and BMP-2 (molecular weight: 
30 Kd) which takes part in regeneration of alveolar 
bone . 

It has also been known that TGF - )3 and PDGF 
( platelet - derived growth factor) take part in 
regeneration of bone, in addition to BSP-II and BMP-2. 
It has been found that CCTF is not TGF - (3 or PDGF 
because the chemotactic activity of CCTF is not 
inhibited by these antibodies, i.e. anti-TGF- /3 
antibody and anti-PDGF antibody, thereby making it 
clear that there is no substance corresponding to cell 
adhesion factors and cell growth factors which have 
ever been reported. 

To obtain CCTF of the present invention, teeth 
extracted from Mammalia are used. Among Mammalia, 
bovine teeth are preferably used because of large 
population (a lot of bovines are now breeding for the 
purpose of using for food) , easy availability of teeth, 
and large amount of CCTF obtained from a tooth. 

CCTF is purified in the following procedure. 

After periodontal ligament fibers are removed 
from an extracted tooth by using a scaler, precementum 
and/or cementum are scraped by using a sharp scaler 
and dispersed in saline (pH 7.0±0.5) containing 0-5% 
collagenase (collagenase is not contained in case of 
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using only precementum) , and then a protein 
ingredient is eluted with stirring. An insoluble 
matter is removed from the eluate by centrifugal 
separation. The eluate is subjected to membrane 
filter filtration and the filtrate is subjected to 
molecular weight fractionation such as gel 
filtration or ultrafiltration to obtain a fraction 
having a molecular weight of 270,000 or more. 

The fraction is washed with a 50 ± 5 mM tris 
ethanolamine hydrochloride buffer by DEAE ion- 
exchange chromatography (after adsorbing on a resin 
at pH of 7.5 + 0.5), and then a fraction to be eluted 
with a 50 ± 5 mM tris ethanolamine hydrochloride 
buffer containing 0.2-0.3 M sodium chloride is 
collected and concentrated by desalination. 

The concentrated solution is adsorbed on 
hydr oxyapat i t e equilibrated with a 10±1 mM phosphate 
buffer (pH 6.6±0.3 mM ) and, after washing with a 10 
± 1 mM phosphate buffer (pH 6 . 6 ± 0 . 3 mM ) , the fraction 
to be eluted with 80-110 mM phosphoric acid is 
collected . 

The substance thus obtained exhibits a single 
band of 67±1 Kd by SDS-PAGE. The substance is a 
glycoprotein containing sugar chains having an amino 
acid composition of : As p ; 1 0 . 6 ± 0 . 5 % , Thr; 3.7±0.3%, 



Ser; 13.3 + 0.7%, Glu; 13.8±0.7%, Gly; 23.3±1.2%, 
Ala; 10.1±0.5%, Cys/2; 3.6 + 0.3%. Val ; 6.7±0.3%, 
lie; 3.8±0.3%, Leu; 7.3±0.4% and Lys; 3.8±0.3%. 
The isoelectric point is 6.5±0.5. 

The glycoprotein thus obtained is a substance 
which has a chemotactic activity and also has an 
action of accelerating adhesion of new connective 
tissue . 

When using CCTF thus obtained of the present 
invention as a drug for accelerating adhesion of new 
connective tissue, for example, those obtained by 
immersing a collagen membrane, a gelatin membrane or 
other biodegradable membrane with the drug are 
applied to the affected part. Alternatively, the 
drug is applied in the form of paint, or applied by 
subcutaneous injection. 

Specific direction for use includes, for 
example, process of accelerating adhesion of new 
connective tissue after operation by inserting those, 
which are obtained by immersing a collagen membrane, 
a gelatin membrane or other biodegradable membrane 
with a chemotactic factor of the present invention, 
into space between the tooth root surface smoothened 
by scraping a pollutant and the gum when applied to 
the flap operation as a therapy for periodontal 
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disease. Sound guided tissue can be restored by 
using CCTF in such a manner. 



Examples 

The following Examples further illustrate the 
present invention in detail. 
Example 1 

\$^C) j/ Firs t ,\ periodontal ligament fibers of forty 
/bovine teeth Extracted from butchered bovines were 
removed not remaining using a scaler. Then, cementum 
containing precementum was scraped using a sharp 
scaler and dispersed in 20 ml of saline (pH 7) 
containing 1% collageynase . After the dispersion was 
stirred using Voltek (Automatic Mixer S-100, 
manufactured by Taiteck Co . ) for 10 minutes, a protein 
ingredient was eluted. Furthermore, the insoluble 
matter was removed by centrifugal separation at 3000 
rpm for 5 minutes to obtain a supernatant. Then, the 
supernatant was filtrated through a membrane filter 
having a pore diameter of 0.22 u (Durapore, 
manufactured by Nippon Milli pore Co.) and the 
filtrate was concentrated to 4 ml (11 mxj of a protein 
content measured by Bradford' s\ process) . 
Preparative columns TSK G3000 (2.15 cnk in inner 
diameter X 60 cm in length, manufactured by Toso Co. ) 
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and TSK G4000 ( 2.15 cm in inner diameter X 30 cm in 
length, manufactured by Toso Co. ) were connected each 
other in series, and then molecular weight 
fractionation was conducted by HPLC gel filtration 
chromatography. 

Each 4.2 ml of a fraction was collected and 
active fraction was determined in accordance with 
chemotaxis assay [ KW . Falk et al . , Immunol. Methods, 
Vol.33, 239-247 (1980)] using human gingival 
fibroblasts . 

Specifically, a D-MEM (serum free) medium 
containing 10% of each molecular weight fraction was 
divided into bottom wells in the chamber at 25 Ml of 
medium/well using a 96-well microchemot axis chamber 
(Neuro Probe, Cabin John, MD , USA). Furthermore, a 
D-MEM (10% FBS) medium was used as a positive control, 
while a D-MEM (serum free) was used as a negative 
control. On the bottom chamber, a filter having a 
pore diameter of 8 Mm, a rubber and a top chamber were 
placed and fixed in this sequence. The D-MEM medium 
containing human gingival fibroblasts of 5 X io 5 
cells/ml was divided into wells in the top chamber 
at 50M1 of medium/well. The chamber was incubated 
for 3 hours at 37*0 under 5% C0 2 -95% air. After the 
completion of the incubation, cells were fixed and 
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stained with a Diff-Quich staining solution 
(International Reagents & Co., Japan), washed with 
water and then air-dried. The number of cells which 
migrated to the lower surface of the membrane filter 
were counted. The number of cells in a high power 
field was counted for each well by visually observing 
using an optical microscope (objective lens; X20) 
wherein a grid micrometer is inserted into an ocular 
lens ( X 10 ) . 

As a result, a chemotaxis activity was 
recognized at fractions 40 to 41 having a molecular 
weight of about 580,000 or more (hereinafter referred 
to as "faction A") and fractions 47 to 49 having a 
molecular weight of about 270,000 to 290,000 
(hereinafter referred to as "faction B m ) . The 
results are shown in Fig. 1. 

Fractions A and' B did not exhibit activity 
corresponding to TGF-/3 or BSP-II, and they were not 
deactivated by treating at 60V, for 30 minutes. 

It has already been found by a preparatory 
experiment that fractions A and B exhibit the same 
molecular weight band by SDS-PAGE when purified by 
DEAE ion-exchange chromatography and hydr oxyapat i t e 
chromatography. Therefore, they were combined, 
concentrated by ultrafiltration to 2 ml. Then, the 
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concentrate was adsorbed on a DEAE ion-exchange resin 
( TSK , DEAE - 3 SW , manufactured by Toso Co.) at pH 7.5, 
subjected to DEAE ion-exchange chromatography 
( DEAE - 3SW: 7 . 5 mm in inner diameter X 7 . 5 cm in length , 
manufactured by Toso Co . ) , washed with a 50 mM tris 
ethanolamine hydrochloride buffer and eluted with a 
gradient of a 0-0.5 M sodium chloride - con t aining 50 
mM tris ethanolamine hydrochloride buffer. 
Furthermore, each 1 ml of fraction was collected and 
the active fraction was determined by chemotaxis 
assay described above. As a result, the activity was 
recognized at the fraction eluted with a 3M sodium 
chloride - containing 50 mM tris ethanolamine buffer. 
The results are shown in Fig. 2. 

Then, each active fraction was concentrated by 
desalination. The concentrated fraction was 

subjected to chromatography on hydroxyapat i te 
equilibrated with a 10 mM phosphate buffer ( pH 6.8) 
(10 m in inner diameter X 10 cm in length, 
manufactured by Koken Co.), washed with a 10 mM 
phosphate buffer ( pH 6.8) and eluted with a gradient 
of 0-200 mM phosphate. Furthermore, each 1.5 ml of 
fraction was collected and the active fraction was 
determined by chemotaxis assay. As a result, 
chemotaxis activity was recognized in the fraction 
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eluted with 80-110 mM phosphate. The results are 
shown in Fig . 3 . 

The fraction was concentrated by desalination 
to obtain 700 ng of CCTF . CCTF thus obtained 
exhibited a single band of 67±1 Kd by SDS-PAGE. The 
results are shown in Fig. 4. 

Furthermore, this band was not stained by 
western blotting using anti-BSP-II antibody and 
anti-BMP-2 antibody. Thus, it has been found that 
CCTF is a substance different from BSP-II and BMP-2 
(see Figs. 5 and 6). 

CCTF thus obtained has an amino acid composition 
of: Asp; 10/6%, Thr ; 3.7%, Ser; 13.3%, Glu;13.8%, Gly; 
23.3%, Ala; 10.1%, Cys/2;3.6%, Val ; 6.7%, lie; 3.8%, 
Leu; 7.3% and Lys; 3.8%, and was an glycoprotein 
containing sugar chains. The isoelectric point was 
6 . 5 ± 0 . 5 . 

Then, 4 ml of a 5% collagen solution (type I-A) 
was prepared. To the solution, 200 ng of CCTF was 
added. 0.4 ml of the mixture was divided into each 
well in a 24-well plate (a well: bottom area; 1.77 
cm 2 , height; 2 cm) and polymerized in an open system. 
After 30 minutes, 5 x 10 4 of human gingival 
fibroblasts were inoculated on the collagen gel and 
then cultured for 3 days at 37*0 in the presence of 
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5% carbon dioxide. A sample for electron microscopy 
was prepared, embedded in epon, and then stained with 
toluidine blue. The invasion distance into CCTF- 
containing collagen and the number of inoculated 
human gingival fibroblasts were determined by 
visually observing using an optical microscope. 

Furthermore, the effect of non-addition, or 
addition of fibronectin, TGF-/3, PDGF , or CCTF and 
ant i -vitronectin antibody was examined in the same 
manner as described above. The results are shown in 
Table 1. 
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Table 1 



No . 




Number of 
invaded 
cells 


Invas ion 
Dis t ance 
( U m) 


1 * * 


No addition 


3 . 6 


6 2.1 


2* 


CCTF 200 ng 


8 . 3 


136.4 


3 * * 


TGF - /3 200 ng 


5 . 5 


102.0 


4 * * 


Fibronectin 200 ng 


4 . 8 


72.3 


5** 


PDGF 200 ng 


7 . 1 


12 2.4 


6* 


CCTF (200 ng) + 
anti -vitronectin 


8 . 1 


136.2 



Nos. 2 and 6: Examples 



Nos. 1, 3-5: Comparative Examples 



As shown in Table 1 , in case where CCTF are added, 
both of the number of invaded cells and invasion 
distance into collagen gel was significantly higher 
than in case of no addition or addition of fibronectin, 
TGF or PDGF. The action of CCTF was not inhibited 
by ant i -vitronectin antibody. 
Example 2 

irst, periodontal ligament fibers of forty 

were 

removed not remaining u^sing a scaler. Then, cementum 
and precementum were scraped using a sharp scaler and 
dispersed in 20 ml of saline ( pH 7) containing 1% 
collagenase. After the dispersion was stirred using 
Voltex (Automatic Mixer S-lCfcX), manufactured by 
Taiteck. Co.) for 10 minutes, a\rotein ingredient 



'ovine teeth extrac\ed from butchered bovines 
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was eluted. Furthermore, an insoluble matter was 
removed by centrifugal separation at 3000 rpm for 5 
minutes to obtain a supernatant. Then, the 

supernatant was filtrated through a membrane filter 
having a pore diameter of 0.45 U (Durapore, 
manufactured by Nippon Milli pore Co.) and the 
filtrate was concentrated to 4 ml using an 
ultraf ilteration membrane having a fractionated 
molecular weight is 200,000. 

Then, the concentrate was adsorbed on a DEAE 
ion-exchange resin ( TSK , DEAE-3SW, manufactured by 
Toso Co.) at pH 7.5, subjected to DEAE ion-exchange 
chromatography ( DEAE - 3 S W : 7.5 mm in inner diameter 
X 7.5 cm in length, manufactured by Toso Co.) and 
eluted with a gradient of a 0-0.5 M sodium 
chloride-containing 50 mM tris ethanolamine 
hydrochloride buffer. The fraction eluted with a 
0.2-0.3 M sodium chloride - con taining 50 mM tris 
ethanolamine hydrochloride was collected and then 
concentrated by desalination. 

The concentrated fraction was subjected to 
chromatography on hy dr oxyapa t i t e equilibrated with 
a lOmM phosphate buffer (pH 6.6) (10 mm in inner 
diameter X io cm in length, manufactured by Koken 
Co.) and then eluted with a gradient of 0-200 mM 
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phosphate. The fraction eluted with 80-110 mM 
phosphate was collected and concentrated by- 
desalination to obtain 730 ng of CCTF . CCTF thus 

obtained exhibited a single band of 67 ± 1 Kd by 
SDS-PAGE . 

Furthermore, this band was not stained by 
western blotting using anti-BSP-II antibody and 
anti-BMP-2 antibody. Thus, it has been found that 
CCTF is a substance different from BSP-II and BMP-2. 

Then, 10 ml of a 5% collagen solution (type I-A) 
was prepared and the solution was mixed with 600 ng 
of CCTF described above. The mixture was poured in 
a thick of 2mm and freeze-dried to form a CCTF- 
containing collagen membrane. This was subjected to 
sterilized by ultraviolet light for two hours 
immediately before use. 

After gingival flap of left and right incisors 
and lateral incisors of an upper jaw of a monkey was 
exfoliated and tumbled on the side of a labellum, an 
alveolar bone was cut out toward the side of an 
apiculus by about 4 mm to expose a tooth root. The 
exposed tooth root was smoothened by scraping 
cementum on the surface. The exposed left tooth root 
face was covered with CCTF - con taining collagen 
membrane, while the exposed right tooth root face was 
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left as it was, and then the gingival flap was replaced 
and sutured. After operation, plaque control was 
applied everyday for three weeks until curing is 
recognized . 

After three weeks, the animal was butchered, 
perfused and fixed. A tissue block was collected to 
prepare a paraffin section and then H-E staining was 
applied. Histological observation revealed that 
adhesion of new connective tissue has been recognized 
in the left one treated with CCTF - con t aining collagen. 
Formation of an alveolar bone has also been recognized. 
On the other hand, both of them has not been recognized 
in the right one. 

Industrial Applicability 

The invention of claim 1 provides CCTF which 
accelerates adhesion of new connective tissue by 
applying to the defect portion, thereby to restore 
sound guided tissue. 

According to the purification process of the 
invention of claim 4, CCTF of the present invention 
can be efficiently extracted and purified. 

According to the invention of claim 7, there can 
be provided a drug for accelerating adhesion of new 
connective tissue between the tooth and gum (tooth 



20 




root and periodontal ligament). 
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